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Introduction

Forestedecosystemsare dynamic,subject to natural developmentalprocessesas well
as naturaland anthropogenicstressesand disturbances.Degradationis a relatedterm,
for lowered productive capacity from changesto forest structureof function (FAQ,
2001). Degradation is not synonymous with disturbance, however; disturbance
becomesdegradationwhen naturalresiliencemechanismsare overwhelmed(Stanturf,
2004).Although ecologistshavelongrecognizeddisturbanceasaphenomenon,only in
the last 30 years has it been accordeda place in theories of ecosystemdynamics
(PickettandWhite, 1985). Disturbanceis morethe norm thanthe exceptionin forested
ecosystems,is commonto many spatial and temporalscales,at all levelsof ecological
organization.My objectivein this paperis to posethreequestionsaboutdisturbance,
and offer my perspectiveas incomplete answers.These questions are (1) Why
do/should we care about disturbancedynamics of forests? (2) What exactly are
disturbancedynamics?and (3) How can we incorporatedisturbancedynamics into
forest management?

Why IsKnowledgeof DisturbanceDynamicsImportant?

Forestmanagementtoday is conductedwithin a context of sustainabilitythat goes
beyondthe traditional notion of sustainableyield (Stanturfet al., 2003)to encompass
intergenerationalequity andculturalvalues that includebiodiversityandlong-termsite
productivity. Disturbances,whether naturalor anthropogenic,affect forest structure,
composition,and ecological processes,which affects productivity, biodiversity, and
provision of environmentalgoods and services. In addition to “normal” levels of
disturbance,thereis accumulatingevidencefor changingresponsesto disturbance,that
thresholdshave been reachedwhere recovery trajectoriesare different than were
experiencedhistorically. Partly this is due to morepervasiveanthropogenicimpacts
(Goudie, 1986). Climate change is increasingly likely, adding to the specter of
compound disturbancesresulting in surprising responsesof forested and other
ecosystems(Paineet al., 1998).Forestmanagementtendstowardinterventionwhen a
major disturbanceoccurs,such as a storm causedblowdown (e.g., Drouineauet al.,
2000), especially when significant financial losses are at issue. Given the natural
propensityof managersto manage,and the future likelihood of more frequentand
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destructivedisturbance,the potentialincreasesfor maladaptivemanagementresponse
to disturbancerecovery. In other words, we are at greaterrisk than ever before of
making matters worse by intervening, unless our intervention is based on
understandingthedynamicsof disturbancesin forestedecosystems.

WhatAre DisturbanceDynamicsof ForestedEcosystems?

The classic definition of disturbanceis that of White and Pickeit (1985): “A
disturbanceis anyrelativelydiscreteeventin time that disruptsecosystem,community,
or populationstructureand changesresources,substrateavailability, or the physical
environment.” In the literature, the agent of disturbanceis often confused or
confoundedwith the damagecausedby that agent.Thus a windstormcausestreesto
blowdown; the windstorm is the disturbance(agent) and blowdown is an effect. Of
course,wehaveto recognizethat effectsthemselvescan havecascadingeffects,which
can be analyzedwith the damageeffect as the disturbanceagent. Keeping with the
blowdown example, trees that are tipped over causingsoil movementmay, if on a
slope,initiatemasswastingthatis adisturbance.

Somedisturbanceecologistslimit disturbanceto physicalagents,or incidentallybiotic
agentssuchas the exampleabove.Thus invasiveexoticplant species,insectepidemics
or outbreaks,or herbivory by large mammalswould not fall within the realm of
disturbanceevents(Sousa,1984).More generally,however,the tendencyis to regard
any exogenousperturbationas disturbance.Thusanyexogenousor abioticstresswould
qualify as adisturbance,usuallyin the senseof chronicordiffuse stressversusacuteor
discretedisturbanceevents.In the environmentof today and the likely future, these
distinctionswill likely beof interestonly to researchers.

Most researchon disturbanceagentshas focusedon relatively common, thus small
frequentdisturbance(SFD) events.A recentspateof large-scalenaturaldisastershas
focusedgreaterattention on large, infrequentdisturbances(LID) such as wildfires,
winter windstorms,and floods. A logical questionis whetherecosystemresponseto
SFDs andLIDs arethe samein terms of responseto extent, intensity, or duration?It
appears that at least in some cases, LIDs exceed the capacity of internal
accommodationto disturbancethroughresistanceor resiliencemechanisms(Rommeet
al., 1998). Thus a novel thresholdresponsein an ecosystemcould result from a new
disturbance,a moreintenseor longerdurationeventthanhaseverbeenexperienced,or
becauseendogenousaccommodationmechanismshavebeenaltered,An exampleof a
new disturbancewould be acute air pollution emissionsfrom combustion sources;
greater intensity meteorologicalevents such as hurricanesare likely under global
climatechange;andfire suppressioncausinghomogenizationandbuildupof fuels has
causedshifts in fire regime from frequent, low-intensity ground fires to infrequent,
high-intensitystandreplacingcrownfires (CovingtonandMoore, 1994).

Most abiotic disturbancesaremeteorologicor climatic events.Windstorms,including
downburstsandtornadoes(Peterson,2000),andtheir effects arewell-studiedandoften
incorporatedinto forestmanagementprescriptions.Hurricanesandtyphoonshavebeen
similarly studied,althoughto alesserextentdueto their lesserfrequency(Booseet al.,
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1994). Ice stormscan havedevastatingeffects on forests, althoughthe affected area
may be small relative to other infrequentevents such as hurricanes(Smith, 2000).
Climatic events such as drought may be diffuse, lasting severalyearsto a decadeor
more.Droughtis usuallya recurring stress,suchas latesummerdroughtin foreststhat
dependon oisturestoredin the soil from winter precipitation.Periodicacutedroughts
predisposeindividual larger trees to insectsand diseasebut may kill smaller trees.
Climate changescenariosposit that forestsin someareasthat are not well adaptedto
drought conditionswill be impactedby higher temperatures,lower or more variable
rainfall, or both (Dale et a!.. 2001). Similarly fire is a meteorologic/climatic
disturbanceagent.Climateand weathercertainlydetermineproductivity levels andto
some extent speciescomposition, hence fuel loads. Natural fire ignitions are by
lighting, usuallyin conjunctionwith thunderstormactivity. Initiation andspreadarea
function of weather,primarily precipitation but also relativehumidity, temperature,
andwind velocity.

Geologicdisturbanceagentsinclude volcanoes,floods, andmassmovementssuch as
landslides,snowavalanches,masswasting,andsoil erosion,transport,anddeposition.
Coastalforests are subject to disturbancesfrom coastalprocessessuch as subsidence,
dunemovement,andmasswasting.Riverine forestsarehighly dynamicenvironments;
flooding disturbancesin thesesysten½includesboth inundationof forestsor individual
treesby floodwaters,as well as geomorphologicchangessuchas meandering,changes
of course,creationof oxbowlakes,etc.

I3iotic disturbanceagentsincludeinsectsanddiseases,invasiveplants,andmammalian
herbivores.As notedabove,somedisturbanceecologistswould not include theseas
disturbanceagentsbut in practicetheyare regardedbothby the public andby scientists
as disturbanceswhen they exhibit thresholdeffects on ecosystems.Thus “normal”
levelsof infestationor herbivory arenot disturbancesandin manycases,thresholdsare
exceededonly becauseof humanactivity. For example,removal of predatorspecies
such as wolves hasbeenresponsiblefor increasesin mammalianherbivory in many
Ibrestedecosystems,to such an extentthatthey can be regardedas disturbanceagents.
Another biotic disturbanceagent that almostrivals humansin terms of the ability to
titer ecosystemsis the beaver(Naimanet a!., 1986).

Disturbanceas a causalagenthastemporalandspatialdimensions,which leadto some
emergentproperties: intensity (of the force of disturbance),scale(areaover which it
operates),and frequency(numberof events per unit time). Disturbancesin forested
ecosystemsusua y createopen o a teredareasor patches,althoug.effectsof some
disturbancesare so diffuse that patchesare not obvious (White and Pickett, 1985).
Patchesareoften called gapsby forestecologists,especiallythoseconditionedto think
in termsof patchescreatedby single treefalls.The temporalandspatialpatternof these
openor alteredpatchesresultsin a disturbanceregime.Theseverityof a disturbanceis
a measureof the effectof the disturbanceon theforest; togetherintensityandseverity
are the magnitudeof a disturbanceevent. For example,evena high intensity fire in a
fire-adaptedpine forestmight be of low severityif the fire only consumedfuel on the
ground and did not becomea crown fire. On the other hand, even a low intensity
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that ~aairedin a pine standand burnedthrough a bottomlandhardwood
droughtyearmight severelyimpactthewetlandforest.Disturbanceregimes

ICNIIII ruin temporal and spatial patternsof open or alteredpatches.Distribution and
ic~ucncyof events,areadisturbed,magnitude(intensity and severity),recurrenceof

disturbance,and seasonalityare all factorsin describingdisturbanceregimes(White
andPickett,1985).

The dynamics of the created patcheshave also been studied, although not as
extensivelyas patchcreation(Pickett andWhite, 1985). Factorscontributingto patch
dynamics include disturbanceregime, whetherand how quickly patchesexpandor
close, and the landscapecontextof patches(relationshipone to anotherand to the
undisturbedmatrix, flows of organisms,materials,and energyamongpatches).The
fate of disturbedpatchesin forestedecosystemsis bestunderstoodin termsof stand
dynamics,as long as the patchesare large enough that most treesbeginninggrowth
within the patch are not competingwith surroundingtrees(Oliver, 1980;Oliver and
O’Hara,2004).

How canwe incorporatedisturbancedynamicsinto forestmanagement?

Disturbancesrarely can be avoidedindefinitely, althoughthe mostdestructiveor costly
effects may be avoided or mitigated through effective management.An adaptive
managementstrategywill havefour components:(I) managethe initial conditionsof
the system,prior to disturbance;(2) managethe disturbanceevent; (3) managethe
systemafter the disturbance;and (4) managethe recoveryprocess(Dale et a!., 1998;
Beatty and Owen, 2004). The greatestvalue will comefrom managingthe system
beforethe eventandconditioningit to avoid thresholdevents.Most of our experience,
particularly with large infrequent disturbances,is in managing (or frequently
mismanaging)therecovery.

The initial conditions of speciescompositionand stand structureto a large extent
determine the nature of the responseto a particular disturbanceevent. Initial
conditions,however,are a function of boundaryconditionsandhistory that includes
stressesand past disturbances,especiallytime sincedisturbancerelative to recovery
processes.The stability, resilience,andresistanceof a standin the faceof disturbance
are a result of these initial system conditions and the nature of the disturbance
(intensity, duration).A currentexampleof managinginitial conditionsis occurring itt

all fire-proneforestedecosystemsin the United States.Yearsof fire suppressionand
attemptedfire exclusionhavealteredfuel loads in many forestssoas to alter the fire
regime. In some casesthis hasmeantchangingfrom a relatively benignground fire
regimeto a stand replacementfire regime.Simply allowing fire, whetherwildfire or
prescribedburning,back into the standsis not feasibledue to the alteredfuel loads,
especiallythe live fuels of denseunderstorytrees.Nevertheless,alteringinitial stand
conditionswill perhapsmitigate the effects of wildfire disturbancesin the future.
Anotherexampleof alteringinitial conditionsis the effort in someWesternEuropean
countries to convert Norway spruceplantations to other species,in hope that the
resultingstandswill be morestablein the faceof windstorms(Hahnetal., 2004).
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uisturbancescan be managesby ooi ng nothing no action alternative~,attemptineto
~reventthe disturbance,or manipulateano channelthe effects. Sometimesthe do1ng
aothing is all that can be done: somedisturbancessuch as volcanic eruptions are
beyond our technology. Under some circumstances, wildfire can be ignored.
Preventingdisturbancesmay be feasible. at least woen the costs of prevention are
perceivedto be lower thanthe costsof the disturbance,Thus somedisturbancessuchas
Floodingor coastalerosionarepreventedin placesby engineeringstructures,in order
to protect humanlife and valuableproperty. In a sense,laws to protectsomerare or
endangeredspeciesare to preventdisturbancesfiom affecting them and their habitat.
Managing disturbancesby manipulating effects is certainly part of the processof
restoringnaturaldisturbanceregimesthat havebeendisruptedby humanintervention.
Again fire providesa readyexample:fire cannotbe re-introducedafter manyyearsof
suppressionbecauseof the fuels thatdeveloped.Mechanicalfuel reductionfollowed by
dormantseasonprescribedburning to reducefuels is a way to manipulatethe intensity
:md severityof fire beforenormalgrowingseasonfires are introduced.

Managing the system after disturbanceand managing the recovery are really one
process,arbitrarily separatedto emphasizeshort-termmanagementimmediatelyafter a
large infrequent disturbanceand the longer-term recoxery of the systembetween
events.Immediatelyaftera naturaldisaster,the media,public, andpoliticians clamorto
do somethingwhenthe bestpolicy is to do very little exceptprotecthumanhealthand
safety andrestoreinfrastructure.Salvagelogging following meteorologicaleventsmay
bejustified to recovervalue, althoughdue to priceeffectson timbermarketsit maynot
pay for the harvesting and transportation costs. Long-term managementshould
enhancenatural renewalprocesses,not inhibit them.To do sosuccessfullyrequiresan
understandingof disturbancedynamics,including what should be left in a disturbed
area,what shouldbe removed,what shouldbe excluded,andwhat shouldbe added
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